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ABSTRACT

We are designinga minimum-sizeTokamak
Ignition/BurnReactor(TIBERII). This design
incorporatesphysicsrequirements,neutron
wall loadingand fluenceparametersthat will
make it compatiblewith a nucleartesting
mission. Reactorrelevantphysicswill be
testedby using currentdriveand steady-state
operation. Althoughthe designacccxmnodates
severalcurrentdriveoptions,Including
neutralbeams,the base case uses a
combinationof lowerhybridand electron-
cyclotronradio frequencypower. Minimum
neutronshielding,compactstructures,high
magnet-currentdensities,and remotely
maintainablevacuumseals,all contributeto
the compactsize.

INTRODUCTION

In an earlierdesignof the Tokamak
Ignition/BurnExperimentalResearchReactor

(TIBW,’ we illustratedhow compact,steady-
statereactorsof low cost could demonstrate
pulsed ignitionand sustainedfusionburn. To
reducethe size and cost of the tokamak,we
made the followingaggressivedesign
assumptions. Neutronshieldingwas ❑inimized
by radiationhardeningof the magnetsto
achievethe desiredsmall devicesize. In
addition,a high-fieldplasma-shapingcoil was
used in the usualohmic-heatingcoil position.
By shapingthe plasmaprofilewith the coil,
we achieveda higherplasmabeta in the first
stabilityregime. In this compactdesign,
limitedvolt”secondsin the poloidalfield
coilsare augmentedby steady-statecurrent
drive.

We upgradedthe TIBER conceptto TIBER II,
in which the more conservativeKaye-Goldston
confinementscalingis assumedin concertwith
recenttokamakfusiontest reactor(TFTR)and
JET results. Also,a double-poloidaldiverter
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is added to controlimpuritiesas in Joint
EuropeanTorus (JET),and furthercurrent-
driveoptionsare considered,including
electron-cyclotronheating(ECH),lower-hybrid
(LH)resonantheating,and negative-ionbeams.
Theserevisionshave causedthe major radius
of the tokamakto grow from 2.6 to 3.0 meters.
A crescentplasmashape (K = 2.2, 6 = 0.58)
leads to a criticalbeta of 8$, with a plasma
currentof 10 MA.

PLASMAPHYSICS

Physicsparametersfor the two operating
modes of TIBER 11 and the corresponding
parametersfrom the earlierTIBER designare
listedin Table 1. As in the previousstudy,
theseparametersdescribesteady-stateburn-
operatingpointsfor which the plasmacurrent
is sustainednoninductively.The baseline
parametersrepresentTIBER-11performance
under conservativeassumptionsin confinement
scaling,safetyfactors,and beta and density
limits. The high-performancecase shows the
improvementsthat might be achievedif
sawteethactivityand disruptionscan be
controlledwith ‘smartheating,”allowing
operationat higherplasmacurrent,lower
safetyfactors,and less conservativebeta-
limit assumptions.

The baselinecase produces277 MW of
fusionpowerat a plasmacurrentof 10 MA.
This gives an averageneutronwall loading

over the firstwall of 1.2 MW/m2. The peak
,8

wall loadingr occurson the outsideof the
torus at the equatorialplane. Calculations
have shownthat, for TIBER II, the peakwall

A

flux is about 1.5 times higher,or r = 1.8

MWlm2. Plasmacurrentis sustainedin steady
state by a combinationof LH and electron-
cyclotronresonance(ECR)currentdrive. The

total externalcurrent-driveDowerabsorbedis
Prf = 53.4 MW (PLH= 20MW, PECR = 33.4MW),
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Table 1. TIBER-11plasmaparameters.

TIBER II
High

Parameter TIBER Baseline performance

PF (Mw) 200

PsYnc(Mw) 0
Prr (MU) 40

Q 5
‘Ip(MA) 7.4

<Te>(keV) 24

<n > ~1020m-3) o 94
.

<B; (%) 8.1
q (o) 1.0
q (a) 3.2
R (m) 2.6
a (m) 0.72
u 1.94
6 0.60

<rwall> (MW/m2)1.0
.
rwall (~/m2) 1.5

277

5.7

53.4

5.2
10

24.6

1.18

6
1.0
3.91
3.0
0.83
2.2
0.58

1.2

1.8

361

13.2

53.9

6.7
15

35.2

1.11

9.2
0.67
1.68
3.0
0.81
2.2
0.26

1.6

2.4

givinga physicsQ = 5.2. We also assumethat
this power is,eventuallydepositedas heat in
the electronenergybalance. For ECR current
drive,the efficiencyis

<Te> (keV)
‘ECR - 0.45 A/W ,

R(m) <ne20>(m‘3) lnh

where the plasmadensity<ne20>= <ne>/l,,Ox

,020 . The coefficient(0.45)is COIISiStWIt

with the nonrelatlvlsticanalysisof Karney.
and Fischzfor the baselineTIBER-11plasma.
An averageopticalthicknessfor first
harmonicordinary-modeECR waves [launched
from the outside(lowfield side) of the torus
and absorbedon the high-fieldside of the
minor axis] is about 400. The baseline
efficiencyof ECR currentdrive?IECRis

0.17 A/W with a lnA of 17.9. COW31W&itiVf3

Kay-Goldston scalingis assumedwith a
❑oderateH-modeenhancementfactor (giventhe
doubl&null poloidaldivertersin‘TIBER11)of
1.3. Thermaldiffusivitiesof electronsend
iona are takento be equal in accordancewith
the IgnitionPhysicsStudyGroup (forthe
Officeof FusionEnergyCompactIgnition
Tokamak)recommendations.In addition,we
conservativelyassunethat both the alpha
powerPa and Prf degradeconfinementaccording

to the Kaye-Goldatonscalinglaw. Finally,to
limit the potentialfor disruptions,the
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operatlngbeta is takento be 75% of the
magnetohydrodynamic(MHD)criticalbeta limit.
A safetyfactoron the plasmaedge of q(a) =
3.9furtherreducesriskof disruptions.The
valueon axisq(0)= 1.0reducesSawteeth
activity. The averageplasmadensity is

20 -3
<ne> -1.18x10 m ,

well below the Murakamidensitylimit

n - 3.4 x 1020 .
max

,.

,4.
Comparingthe TIBER II baselineto TIBER

shows an Increasein fusionpowerresulting
Prom the increasein plasmasize and density.
The energymultiplicationQ remainsnearlythe
same since the requiredcurrentdrivepower 1s
higherin the new device. This resultsPSrtlY
from the increasein plasmavolumeand partly
frcm more conservativeenergyconfinement
scalingassumedin TIBER II. Finally,the
operatingbeta is lowerdue to the
conservativeassumptionthat

B = 0.75x 8crit .
Op

A high-performancecase represents
possibleTIBER II parametersif ‘smart
heatingncan be achievedto suppresssawteeth
activityin the plasmacorewhen q(0) < 1 and
to controlthe edge plasmaconditionsat low
q(a) to limit disruptions. The benefitsare

betterenergyconfinementfrom the higher
plasmacurrent,higherfusionpower (PF

- 361 w comparedwith277MW),andwall.
loading(<r>= 1.6,r = 2.4MW/m2compared

with 1.2 and 1.8 MW/m2),using the same
currentdrivepower. This resultsin a plasma
Q = 6.7.

COMPACTDIVERTOR

TIBER’sedge plasmaand compactdiverter
operatein a high recyclingmode. This
generatesthe high densityneededto allowthe
edge plasmato shieldthe core plasmafrom the ,
gaa and impuritiesgeneratedat the divertor
plates. It also allowsthe chargedparticle
powerto be carriedout by a high flux of low-
energyparticlesin order to reducethe

,

sputter-erosionof the plates.

Figure 1 shows the toroidallysymmetrical
divertorwith its ventedplatesand vacuum
duct. Identicaldivertersare locatedat the
top and bottarrof the machineto providethe
surfacearea of the platesneededto keep the

averageheat load belowabout 2 MW/m2. The
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Figure1. The compactdivertorconceptfor
‘TIBER11. A dense,cool edge plasmais
producedby the high recyclerate. Gas is
removedthroughthe many ventingports in the
divertorplates. Pressurein the duct is
10 mTorr.

vented-plateconceptallowsthe designersome
choicein the operatinggas pressurein the
duct and in the recyclefraction. This plate
also allowsthe vacuumduct to be thin so that
it displacesonly a small amountof neutron
shielding. A thin duct has the additional
advantageof allowingthe closeplacementof
coilsto producethe ergodicedge magnetic
field that might be neededto distributethe
heat duringoff-normaloperation.

Particleand PowerFluxes in the Edge Plasma—- —-—

The edge plasmashown in Fig. 1 has a
thicknessin the midplaneequal to aboutfive
radialdiffusionlengths. The thickness
scalesinverselyas the magneticfield,giving
the outer edge plasmaa thicknessthat is
nearlytwicethat of the innerone. To reduce
the bombardmentof the firstwall by ions,the
innerand outerwalls are locatedon magnetic-
flux surfaces. Only the divertorplatesare
allowedto crossfield linesand intercept
edge-plasmaparticles.

To model the particleand powerflow in
the edge plasma,considera helicaltube of
magneticflux extendingfrom the upperto the
lower divertor;thenmap the field lines in
this tube intostraightlines,as shown in
Fig. 2. Becauseof symmetry,only half of the
tube needs to be considered. The flux tube
shown in Fig. 2 has a lengthL that is one-
quarterof the lengththat would bringa field
line back to the same poloidallocation:L = n
R~Q_/2= 18.3m. Differentscalesare used in

L------------L=nR~cI.12=18.3m------------
“ -a

//////////2z///////////////h&
C Heatflow C ,

T T T
I Heat Heat Heat Heat HeatI

[
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v
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Y
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Figure2. Model for calculatingthe particle
and power flow in the edge plasma. Heat is
absorbeduniformlyalong the length,and flows
alongmagneticfield lines to the divertor
plate at the left-handside of the figure.
Gas recyclingoccursonly near the divertor
plates.

the figurefor verticaland horizontal
distancesbecausethe length is so much
greaterthan the thickness,which varies
slightlywith poloidallocation,but is
roughly0.1 m.

Heat is absorbeduniformlyall alongthe
lengthof the flux tube becauseof radial
conductionfrom the core plasma. We refer to
the regionwhere the edge plasmaflows
parallelto the firstwall as the “torus
reg~on,!fand to the regionwhere it flows in
front of the divertorplatesand interacts
with gas as the ‘Irecycleregion.’!

In the torus region,littlegas ionization
takes place,and the smallparticleflux that
is due to the steadyloss of hot ions from the
core is ignored. Heat is transportedonly by
classicalelectronthermalconductionalong
the field lines in this regionof the edge
plasma:

-KT5’2 I
s

Q“ (dT/cIs)=
o “ds=‘ls ‘

where Q (W/m2)is the heat flux, K = 2100

W/m/eV7/2is the Spitzercoefficientfor
classicalelectronthermalconductivity,T =
Ti = Te is the temperatureof the edge plasma

at a distances from the line of symmetry,and

PI (W/m3)is the heat sourceresultingfrom

radial transportout from the core plasma,
which is taken to be uniformin s, but
decreasingexponentiallywith depth into the
edge plasma. A secondintegrationresultsin

T7/2
dp + (7p2/4K)S2dp

=T~(2 ,
“ .a
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‘here‘dp is the temperatureat s = sdp, which

is the boundarybetweenthe torus and recycle
regionsat the divertorplate,and T is the

S1
temperatureat the symmetryline. This leaves
two parameters,T~l, and T

dp to be determined

by the boundaryconditionsat s = s
dp and at s

= L (at the sheath).

In the recycleregion,we use the one-
dimensionalfluidequations,and assumethat
Ti = Te . T and n, = ns = n, with the

dependentvariablesT, p = 2enT, and j = neV.
The only sourcesand sinksconsideredare the
particlesourceS, the energysink due to
ionization,and the energysourcePI. Also,

we ignorethe V3 term in the energyequation,
sincev <C v (thermal)everywhereexceptnear
the sheath. The fluid equationsused are:

dj/ds= -S, with

S = enno<ov>= (p/2T)no<ov> ,

P2 - P~lP = -(2Mi/e)j2T ,

~T512
(dT/ds)+ 5jT = PI(L - s)

- (xi+ xr)j ,

where P~1 is the pressureat s = Ssl = O, and

xi = -34eV and Xr = -17 eV are the energ:y

costs per ionizationfrom the bindingenergy
and the line radiation. These threeequations
relatethe, as yet undetermined,T91 and ‘Tdp
to p, T,andjats=L.

At the sheathwhere s = L, we requireboth
particleand energybalance. Particlebalance
requiresthat

I
L

jL = Sds ,
s
dp

and energybalancerequiresthat

‘L
= YjLTL = PIL - (Xi + Xr)jL J

whereY is the energy transportedacrossthe
sheathper electron. Our assumptionsabc)ut
secondaryelectronemissionat the plate
determinethe valuethat we choosefor Y., By
equatingthe heat transportedinto the sheath
to QL, we can determine(dT/da)L,which :is

neededto start the numericalintegrationfrom
s=L.

This simpleapproachis beingused to
explorethe effectsof the different
parameters. More accuratecalculations(that
do not set Ti = Te, for example)will be

neededlater.

The VacuumDucts.— —

In steadystate,gas particlesmust be
removedfrom TIBER at the same rate that the
plasmais fueled (alsoequal to the rate that - * -
ions leave the core plasmaby radial
diffusion). The fuelingcurrentis 344 A
(equivalentneutralD/T),of which 18.4 A each - ,4.
of D and T is burnedand leavesas 37 A

(electrical)of He++. Therefore,45 Torr”k/s
of D and T moleculesand 5.4 Torr”k/sof He
must be pumpedout as gas (assumingthat the
gas temperatureis about500 K).

We can determinethe pressureand size of
the duct by equatingthe steady-staterate of
inputof particleswith the totalrate of gas
escapingback to the plasma,plus the pumping
rate of the vacuumpumps. Gas that is input
into the duct comesfrom two sources: (1)
gas from the thin layeron the plasmaside of
the platesconductsthroughthe small venting
ports into the duct, and (2) a fractionof the
flux of fast D and T atoms that resultfrom
chargeexchangeare incidenton the plate from
the plasmaside and pass througha port into
the duct. This secondinput is significant
and allowsthe pressurein the duct to exceed
that on the plasmaside of the plate. Each of

the 32 pipe ductsmust conduct3.4x 10
19

molecules/s.We estimatetheirlengthsas
about 1.0 m withinthe neutronshielding,and
expectto increasetheir conductance outside
the shielding. Conservativelyassumefree
molecularflow,and take the pipe conductance
to be

c = (1/4)v
pipe molApipeKpipe ‘

where

A = (m/4)d;ipe
pipe

is the cross-sectionalarea of the pipe,and

=(1+3L /4d
-1

‘pipe pipe pipe)

is the conductancerelativeto that of an
aperture. Choosea pipe diameterdpipe
= 18 cm, and thereforeKDiDe = 0.19,to get a

pressuredrop in the pipes-of
than 1 mTorr even in the free
regime. In normaloperation,

slightlyless
molecular-flow
when Pduct

.

P
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Figure 3. TIBER-11 magnet 3et showing the
internal plasma-shaping coils in place of the

usual ohmic-heating coils.

. 10 mTorr, the combination of viscous plus
free rlOw results in an even smaller pressure
drop .

MAGNETS

The coil set shown in Fig. 3 for TIBER II

has 15 T and 40 A/mmz in the winding wck Of
its central plasma-shaping or ‘Ipushert’ coil.
However, the toroidal field (TF) coils are
designed to produce 12-T maximum field with
the same a winding-pack current density of

40 A/mmz. With higher fields and larger SlZe9

than TIBER, these TIBER II coils store almost
twice as much energy, about 300 MJ each POP a

16 coil set. Nuclear heating to the TF coils
is reduced in the TIBER-ll design, but 1s
still high by traditional standards, about

5 mW/cm3 peak.

Two different superconductor choices haVe

been made for TIBER II. The 15-T Pusher CO1l
will “se (NbTi)3Sn. This modified form Of

Nb3Sn has improved performance at high

fields,3 but has poorer tolerance to

irradiation by high energy neutrons”. AS the

pusher coil is essentially completely shielded
by the inner sections of the TF coil set, the
latter does not pose a problem. RadiatlOn

damage is a more serious concern for the TF
coils. However, recent data for binary or
unmodified Nb Sn (see Fig. 4) cOntinue tO

3
substantiate the maintenance of the

unirradiated performance beyond 10’9 nlcmz at
neutron energies above 0.1 MeV, (Ref. 4);

consequently, this will be the superconductor

of choice for the TF coils. At 12 T, 4.2 K,

critical current densities upwards of 1000

A/mmz (exclusive of stabilizer) have been

reported for Nb3Sn. For (NbTi)3Sn, critical

current densities higher than 500 A/mmz have
been reported at 15 T, 4.2 K. Table 2 (taken

from a t’eportq by Mauer) indicates that at

10’0 rad epoxy insulators are degraded, but

polyamides still have good compression and
flexural strengths.

The benefits of improved superconductor

performance are more evident in a conductor
design such as the cable-in-conduit conductor
design (CICC) whose constituent list 19 nOt
dominated by stabilizer. The CICC desisn alSO
derives benefits frcxn the conduit as cowound
structure. Variations of the CICC will be

used in both the TF and poloidal field (PF)
systems for TIBER II. In the PF system pusher
coil, it may be necessary to grade the
windings for higher current density in the

lower field regions to obtain the overall pack

current density goal of 40 A/mmz; while in the

TF coils, structural grading may be necessary
to incorporate sufficient structure within the

t 1 Q

o.;o~
,019

I 14.l.MeV neutron fluenca (n/cmz)

o.51-d#A-J
,.19

Tiber(E > 0.1 MeV)neutron fluence(n/cm2)

Figure 8. Critical current vs neutron fluence

for modified niobium tin. The lower Scale is
varied to account for the energy reduction and
damage potential of the neutrons reaching the
magnets protected by shielding. (Data from
Ref. 4.)
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Table 2. Neutron irradiation data for organic insulators

(irradiated to 108 Gy) or 1010 rad).

—

Unirradiated stren@h Irradiated strength

Material Ccxnpression Flex= e~— Flexure

(MPa) (MPa )

.—-. —-

G-lo 886 1100 65 95

c-10 BF 990 108

C-11 826 1113 62 110

EDikOte 828 513 165 125 25

‘(epoxy)

Stycast 2850 5-10 262 50 57
(epoxy)

Spaul?ad 680 990 400 640

(polyimide)
Norplex 900 69o 900 4U5

(polyimide)
Vespal 250 320 255 320

(polyimide)

—— —

low field windings to support the centering
loads in the central, straight-leg portions of
these coils. For example the high field TF
conductor can have a uniform jacket as in Fig.
5(a), whereas the low field-conductor would
have a more crush resistant jacket as in Fig.
5(b) .

STRESS ANALYSIS

We created a finite element model, which
contains the center post (l-m diameter), the
support and pusher coils, and the vertical
legs of the TF coils. This model assumes that

pins between the TF coil legs successfully
transmit the overturning forces shown in
Fig. 6 to the outer skin of the coil case.
The model in Fig. ‘1 with exaggerated
deflections gives 575-MPa (effective) stress
in the outer skin. 8oth centering and
overturning forces were present. When only
the overturning force was present, the outer.

skin stress was slightly 10weP.

An analytic calculation was also performed
that included two assumptions: (1) the center
post contributes nothing to resist the
turnover torque, and (2) the outer and inner
skins of the TF coil rotate at the same angle
again. This was in good agreement with the
Gemini finite element calculation.

NUCLEONICS

The principal nuclear design objective for
T18ER II is providing the TF superconducting

(SC) coils with the shielding required for a

machine lifetime of 108 burn seconds, while
minimizing impact on machine size and costs.

a

b

Figure 5. (a) A cable in conduit conductor
(CICC) with a uniform steel jacket. (b) The
jacket is concentrated on one side to be more

resistive to bearing loads frcm hydrostatic
forces on the inner leg of the TF coil.
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heating in the TF, SC coils is expected to be

&Ks”Mb.,=.2.1,10)5N “

A#T’
.

b
Suhl,-b =

20.7( 1016N> ,

F*=-Fti

Fk = -Ftic,

Fcd = -Fc,d
w

Figure 6. TIBER-ll TF-coil magnetLc force (Y
or azimuthal ccmponent only).

x

k z

Y

Figure 7. Exaggerated deflections of the
inner leg of the TF coil produces 575-MPa
stresses.

Initial scoping studies of an earlier,
slightly smaller version of TIBER indicate
that TIBER II, as presently configured, can

reach the 108 s goal without exceeding heating
19

and radiation damage limits of 10 nlcmz

(E j 0.1 MeV) in Nb3Sn and 1010 rads in

polyimide in the critical inboard leg of the
TF coil (Refs. 1 and 5). peak and tOtal

no more than 10 mW/cm5 and 50 kW, respective-

ly. The effects of possible beam lines and
other penetrations have yet to be addressed.
At a fusion power of 277 MW, the first wall-
loading peaks on the midplane on the outer leg

at 1.8 NW/mz, and on the inner leg at 1.3

MW/m2, while the average wall loading is 1.2

MW/m2 as shown in Fig. 8 (Ref. 6). In

addition to shielding, we will also be
assessing the prospects and costs for breeding
tritium in TIBER II. Trititnnavailability or
cost from external sources will dictate if T
breeding is required or is cost effective. We
are considering a number of low-technology
blanket options with low-pressure water-cooled
Be/LiAl/Al and Be/H20 + LiX/SS blankets as top

contenders.

OPERATION AND TESTING

To facilitate a definition of TIBER II,
Table 3 represents a simplified operating
schedule. After a checkout Phase I, we expect
a decreased availability of only ‘1O% in Phase
II because of activation for initial verifica-
tion and operating tests of the system under
OT operation. The final Phase III
availability is set at 30%, as determined by
fluence requirements (see below).

An important question is whether the
engineering test reactor (ETR) should attempt
high end-of-life fluences. We can delineate

8r——————

Radius, r (m)

Figure 8. Wall-loading distribution in
TIBER-ll.
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Table 3. ProjectedTIBER-11operationschedule.

Avail- AnnualT2 Integrated14-MeV
Phase Duration Emphasis ability consumption fluencepeaklav

(Y) (Y) (%) (kg/y) (MW”y/m2)

--- —

Phase I 1 ~ checkout 15 ‘- --

(1998-1999)
PhaseII 2 DT operation 10 1.6o 0.36/0.24
(1999-2001) verification
PhaseII 10 Engineering 30 4.78 5.40/3.6
(2001-2011) tesl.ing

.—-—

the followingthree approximateoperating
times (OT)for fluence:(1) short-term
requirementsfor blanketand component
operation:

0.07 $ OT $ 0.2 MW y/m2;

(2) intermediate requirements for component
reliability,verificationand end-of-lifein

the more sensitivecomponents(e.g.,
insulators,limitersurfaces):

0.2 $ OT $ 3 MW y/m2;

(3)long-termfluenceforstructuralmaterial
testing:

OT > 3 MW y/m2.

A high fluencemakes possiblethe character-
izationof componentreliabilityand material
damagewith a greatercredibility. However,a
high fluencealso requiresa high average
availability,which may precludethe
deploymentof subsequentadvancedconcept
facilitiesduringthe life of the machine. We

believethat a fluencegoal of -3 MW y/m2
(average)is warranted. The employmentof
steady-statecurrentdriveas a baseline
requirementdoesmuch to enhancethe
credibilityof the fluencegoal throughhigh
availability.Table 4 lists our major
operatinggoalsfor TIBER-11.

One importantoperatingconsiderationfor
TIBER-11is tritiumsupply. Threemain
reasonsexist for breedingtritiumin the
machine: (1) to make up a possibleshortfall
from externalsuppliers,(2) to offset
operatingexpenses,and (3)to test tritium
breedingand extractionunderreactor-relevant
conditions. The last of thesepointsrefers
to testingof reactor-relevantblanket
prototypesand is not envisagedto be a part
of the baseloadtritiumbreedingsystem,which
will likelycomprisereliable,low-
temperature,low-technologymodules. We note
from Table 3 a requirementfor -4.8 kg of
tritiumper year in the finaloperatingphase.

At the currentU.S. commercialpriceof
10M$/kg,purchaseof all tritiumrequirements
from an externalsourcewould result in an
annualtritiumcost of -50M$/y. It appears
therewould be sufficienttritiuminventories
in Canada,the U.S. or the U.S.S.R.to supply
the yearlyrequirements.Accordingly,the
fractionof the machinedevotedto baseload
breedingwill resultfrcm a cost-benefit
analysisincludingoperatingcost offsets,
testingspacerequirements,and external
supplyuncertainties.

Table 4. Major operatinggoals for TIBER-11.

—— —

1. Testingof blankets,tritium-production,
plasma-engineeringcomponentsand advanced
reactorconceptsin a reactor-relevant
environment.

2. Testingof factorswhichdetermine
reliability,maintainability,availability,
safety,and environmentalaspectsof a fusion
reactor.

3. Steady-stateburn with equilibrium
impurityremoval.
4. Testingof a varietyof current-drive
options.
5. Use of poloidaldivertersfor impurity
control.

6. Flux requirements: <r> ~ 1 MW/m2?

7. Fluencerequirements:
2a

<OT>~ 3 MW”y/m .

8. Full-powerlifetime~108 burn*s.
9. Final-phaseavailability~30%.
10. Final-phaseoperatinglife :10 y.

#—
aPeak valueswill be -1.5 higherthan this.
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